Listeria monocytogenes growing in BHI in anaerobic condition leads a decrease of 13 redox potential at pH7 (E h7 ) from 0 to -250 mV. An investigation of mechanisms involved in 14 this reducing activity shows the implication of thiol groups located on the bacterial cell 15 surface. Indeed, after reduction of media to -250 mV, only thiol-reactive reagents could 16 restore the initial E h7 value. Moreover, the growth of L. monocytogenes in anaerobic condition 17 is characterized by a reduction then acidification phases. This suggests a sensor mechanism of 18 environmental E h7 to convert the metabolism way from the first phase to the second. Finally, 19 the concentration of exofacial thiol still increase strongly during the acidification phase of L. 20 monocytogenes, even after reach the minimal value of E h7 . These results suggest that 21 maintaining the exofacial thiol (-SH) groups in a reduced state do not depend on an active 22 mechanism. Thiol groups appear to be displayed by membrane proteins or cell wallbound 23 proteins and may participate in protecting cells against oxidative stress. 24 25
Introduction

26
The oxido-reduction potential (E h ) was shown to have different effects on 27 microorganisms. E h could be involved in gene expression, metabolism, physiology and so, 28 could modify their growth capacity and end product formation. 29 The E h measurement and monitoring are increasingly used as tools for the 30 determination of bacterial activity in liquid media (Küsel and Dorsch, 2000) , food products 31 (Abraham et al., 2013; Alwazeer et al., 2003; Aubert et al., 2002) , soils (Fiedler et al., 2007) 32 and sediments (Schulz, 2000) . Recent studies have emphasized that microbial cultures can 33 generate a reducing activity during their growth depending on the redox potential of different 34 3 cellular compartments, and their ability to grow in the presence of dioxygen. (Prévost and 35 Brillet-Viel, 2013) . 36 However, the mechanisms involved in bacterial reducing capacities remained poorly 37 understood. Two mechanisms have been described. The first correspond of the consumption 38 of oxidant compounds or the release of reducing end-products during the energy generation 39 metabolism. Indeed, to regenerate ATP, organic substrates are oxidized and dehydrogenated 40 during the glycolysis and citric acid cycles producing reduced electron carriers (NADH, 41 FADH 2 ). Then, these carriers are re-oxidized by electron transfer in the case of respiratory 42 metabolism to oxidants or to metabolic intermediates in fermentative metabolism. Thus, the 43 metabolic pathways of energy production determine the reducing activity of microorganism to 44 whether they are aerobic, facultative anaerobic or obligate anaerobic. Indeed, the terminal 45 electron acceptor in respiration of strict aerobic bacteria is dioxygen, which restricts the range 46 of redox potentials to values close to the oxidant values. Anaerobes meanwhile can reduce 47 external terminal electron acceptors such as NO 3 -, SO 4 2-, Mn (III ⁄ IV) and Fe(III) which allow 48 higher reducing capacities (until E h = -600mV). Finally, most of anaerobes can also produce 49 strong reducing end-product such as H 2 (midpoint oxidation reduction potential, E 0 ' = -420 50 mV). 51 The second mechanism involved in bacterial reducing capacities which appears to be 52 not linked to metabolism (proton motive force) or production of reducing end-product have 53 been recently described in Lactococcus lactis. In this lactic acid bacteria, the reducing activity 54 is due to thiol groups of cell surface proteins (Michelon et al., 2010) . 55 The aim of this study was to identify the mechanism involved in the reducing activity 56 of Listeria monocytogenes. Indeed, L. monocytogenes is a well-know food born pathogen 57 with a high reducing activity. It is able to decrease the E h7 (E h at pH 7) to -250 mV (Ignatova   58   et al., 2008, 2010) . However, the mechanism of this reducing activity was never studied Neutralisation of thiol groups 107 In order to determine whether thiol-containing proteins and polypeptide chains are 108 exposed at the extracellular or cytoplasmic membrane surface, two thiol-reactive reagents, the 2). The E h7 value measured in sterile BHI were range from 10 to -40 mV. The L. 
